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(54) UNINTERRUPTIBLE POWER SUPPLY

(57) An uninterruptible power supply (100) includes
a battery unit (200) including battery racks (210) divided
into at least one first battery rack (210a) including a first
battery (213a) and at least one second battery rack
(210b) including a second battery (213b); an overall con-
trol unit (105) configured to determine an operation mode

of the battery unit (200) from among a discharge mode
and a charge mode, and a measurement unit (111) con-
figured to monitor an amount of accumulated power con-
sumption of a load (40) during each of a plurality of time
periods and transmitting data associated with the moni-
toring to the overall control unit (105).
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0135348, filed
on September 24, 2015, in the Korean Intellectual Prop-
erty Office.

BACKGROUND

1. Field

[0002] One or more aspects of embodiments of the
present invention relate to an uninterruptible power sup-
ply.

2. Description of the Related Art

[0003] In general, uninterruptible power supplies (UP-
Ss) refer to automatic systems for immediately supplying
power without interruption in case of a power outage or
failure. UPSs are components of electronic devices such
as computers requiring continuous (e.g., uninterrupted)
supply of power. Even when the voltage or frequency of
the electricity varies or the electricity is momentarily cut
off, UPSs stably supply electricity, thereby reducing the
likelihood of (or preventing) destruction or loss of com-
puter data and avoiding the shutdown or malfunction of
control devices.
[0004] However, UPSs generally do not have a func-
tion of managing the power of energy storage systems,
and thus additional energy management systems are re-
quired for efficient power management.

SUMMARY

[0005] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.
[0006] According to one or more embodiments of the
present invention, an uninterruptible power supply (UPS)
includes: a battery unit connected to an external grid to
receive electricity from the grid and connected to an ex-
ternal load to supply electricity to the load, the battery
unit including a plurality of battery racks each battery rack
including a rack battery management system (BMS), the
battery racks being divided into at least one first battery
rack including a first battery and at least one second bat-
tery rack including a second battery; an overall control
unit configured to determine an operation mode of the
battery unit from among a discharge mode and a charge
mode, wherein in the discharge mode, the overall control
unit is configured to control the first and second battery
racks such that the first battery of the first battery rack is
discharged to a first reference value of state of charge
(SOC) and the second battery of the second battery rack

is discharged to a second reference value of SOC; and
a measurement unit configured to monitor an amount of
accumulated power consumption of the load during each
of a plurality of time periods and transmitting data asso-
ciated with the monitoring to the overall control unit,
wherein the overall control unit is configured to determine
whether to operate the battery unit in the discharge mode
based on data generated by the measurement unit in
each of the time periods, and wherein the first reference
value of SOC is lower than a high degradation rate band,
and the second reference value of SOC is set to be higher
than the high degradation rate band.
[0007] Lifespan decrease rates of the batteries may
vary according to the SOCs of the batteries when the
batteries are not operated, and wherein the lifespan de-
crease rates of the batteries having SOCs in the high
degradation rate band may be greater than an average
of the lifespan decrease rates of the batteries. Preferably,
a high degradation rate band may range from 40% to
60%. According to an exemplary embodiment, the first
reference value of SOC may be 30% and the second
reference value of SOC may be 70%. According to an-
other exemplary embodiment, the first reference value
of SOC may be 20% and the second reference value of
SOC may be 80%.
[0008] The overall control unit may be configured to
determine the discharge mode as the operation mode of
the battery unit, when the amount of accumulated power
consumption of the load measured by the measurement
unit becomes greater than a first reference electricity
amount in a given time period. Preferably, the first refer-
ence electricity amount is chosen to be 120kwh.
[0009] The overall control unit may be configured to,
after determining the operation mode of the battery unit
to be the discharge mode, stop operation of the battery
unit in the discharge mode when the given time period
ends, or the first battery of the first battery rack is dis-
charged to the first reference value of SOC and the sec-
ond battery of the second battery rack is discharged to
the second reference value of SOC.
[0010] The overall control unit may be configured to,
after the battery unit stops operation in the discharge
mode, discharge the first and second batteries of the first
and second battery racks when the amount of accumu-
lated power consumption of the load exceeds a second
reference electricity amount, the overall control unit may
without limit to the first and second reference values.
Preferably, the second reference electricity amount is
chosen to be 200kwh.
[0011] The UPS may further include: at least one first
DC-DC converter connected to the first battery rack and
controlled by the overall control unit; and at least one
second DC-DC converter connected to the second bat-
tery rack and controlled by the overall control unit.
[0012] The overall control unit may be configured to
control the first and second DC-DC converters so as to
maintain SOC of the battery racks to be outside the high
degradation rate band.
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[0013] The overall control unit may be configured to
control the first and second battery racks in the discharge
mode such that the second battery of the second battery
rack may be discharged to the first reference value of
SOC, and the first battery of the first battery rack may be
discharged to the second reference value of SOC when
a switching condition is satisfied.
[0014] The switching condition may be satisfied when
the numbers of discharge times of the first and second
battery racks reach a preset value.
[0015] The switching condition may be satisfied when
an amount of accumulated discharge of the first or sec-
ond battery rack reaches a preset value.
[0016] The rack BMSs may determine SOCs of the bat-
tery racks, respectively, and the rack BMSs may transmit
the determined SOCs of the battery racks to the overall
control unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the exemplary embodiments, taken in con-
junction with the accompanying drawings in which:

FIG. 1 is a block diagram illustrating an uninterrupt-
ible power supply (UPS) and peripheral structures
thereof according to one embodiment of the present
invention;
FIG. 2 is a block diagram illustrating the UPS accord-
ing to one embodiment of the present invention;
FIG. 3 is a block diagram illustrating a battery unit
according to one embodiment of the present inven-
tion;
FIG. 4 is an exemplary table illustrating the amount
of accumulated power consumption of a load meas-
ured in each time period by a measurement unit ac-
cording to one embodiment of the present invention;
and
FIG. 5 is an exemplary graph illustrating the amounts
of accumulated discharge of first and second batter-
ies of first and second groups with respect to the
number of discharge times according to one embod-
iment of the present invention.

DETAILED DESCRIPTION

[0018] Hereinafter, example embodiments will be de-
scribed in more detail with reference to the accompany-
ing drawings, in which like reference numbers refer to
like elements throughout. The present invention, howev-
er, may be embodied in various different forms, and
should not be construed as being limited to only the il-
lustrated embodiments herein. Rather, these embodi-
ments are provided as examples so that this disclosure
will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art.
Accordingly, processes, elements, and techniques that

are not necessary to those having ordinary skill in the art
for a complete understanding of the aspects and features
of the present invention may not be described. Unless
otherwise noted, like reference numerals denote like el-
ements throughout the attached drawings and the written
description, and thus descriptions thereof will not be re-
peated. In the drawings, the relative sizes of elements,
layers, and regions may be exaggerated for clarity.
[0019] It will be understood that although the terms
"first" and "second" are used herein to describe various
elements, these elements should not be limited by these
terms. Terms are only used to distinguish one element
from other elements.
[0020] In the following description, the technical terms
are used only for explaining a specific exemplary embod-
iment while not limiting the inventive concept. The terms
of a singular form may include plural forms unless re-
ferred to the contrary. The meaning of ’include’ or ’com-
prise’ specifies a property, a fixed number, a step, a proc-
ess, an element, a component, and a combination thereof
but does not exclude other properties, fixed numbers,
steps, processes, elements, components, and combina-
tions thereof. It will be understood that although the terms
"first" and "second" are used herein to describe various
elements, these elements should not be limited by these
terms. Terms are only used to distinguish one element
from other elements.
[0021] Hereinafter, the exemplary embodiments will be
described in detail with reference to the accompanying
drawings. In the drawings, like reference numerals de-
note like elements, and repeated descriptions thereof will
be omitted.
[0022] FIG. 1 is a schematic view illustrating an unin-
terruptible power supply (UPS) 100 and peripheral struc-
tures thereof according to an example embodiment of
the present invention.
[0023] An electric power grid (or power grid or grid) 30
includes power plants, substations, transmission lines,
etc. In a normal state, the grid 30 supplies electricity to
a load 40 and/or a battery unit 200 of the UPS 100. How-
ever, if the grid 30 is in an abnormal state, electricity may
not be transmitted from the grid 30 to the UPS 100, and
thus electricity may be transmitted from the battery unit
200 of the UPS 100 to the load 40.
[0024] The load 40 consumes electricity supplied from
the grid 30 and/or the battery unit 200. For example, the
load 40 may include electrical devices installed in a home
or a plant (e.g., a manufacturing plant).
[0025] The UPS 100 is an automatic system configured
to immediately supply electricity without interruption in
case of a power outage or failure. The UPS 100 may be
an integral part of an electronic device such as a com-
puter requiring the continuous supply of power. If the volt-
age or frequency of electricity supplied from the grid 30
varies or the supply of electricity from the grid 30 is mo-
mentarily interrupted or changed, the UPS 100 stably
supplies electricity, thereby preventing or reducing the
likelihood of destruction, loss, or deletion of computer
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data and preventing or reducing the likelihood of shut-
down or malfunction of control devices.
[0026] According to the example embodiment, al-
though the grid 30 is not in an abnormal state, the UPS
100 may supply electricity to the load 40 as an energy
storage device. For example, in a normal state, the UPS
100 may be used as an energy storage device. In a nor-
mal state, the battery unit 200 of the UPS 100 may supply
electricity to the load 40 together with the grid 30 by taking
into consideration the peak hours of power consumption
or the cost of electricity. The battery unit 200 may be
charged overnight with electricity supplied from the grid
30. However, because the UPS 100 is designed to con-
tinuously supply power even when it is difficult to receive
power from the grid 30, when the UPS 100 operates as
an energy storage device in a normal state, the UPS 100
maintains the amount of electricity stored in the battery
unit 200 at a certain value or higher.
[0027] FIG. 2 is a block diagram illustrating the UPS
100 according to an example embodiment of the present
invention.
[0028] Referring to FIG. 2, the UPS 100 includes a rec-
tifier 101, an inverter 103, a direct current (DC) link 107,
and the battery unit 200. The battery unit 200 includes a
plurality of battery racks 210 (see FIG. 3) and a plurality
of DC-DC converters 230 (see FIG. 3).
[0029] The inverter 103 is connected between the load
40 and the rectifier 101. In discharge mode, the inverter
103 may convert DC voltage output from the battery unit
200 into alternating current (AC) voltage according to the
type of voltage (e.g., to match the voltage) of the grid 30.
The inverter 103 may be a bi-directional inverter having
invertible input and output sides.
[0030] The inverter 103 may include a filter to remove
harmonics from AC voltage output to the grid 30. In ad-
dition, the inverter 103 may include a phase locked loop
(PLL) circuit to synchronize the phase of AC voltage out-
put from the inverter 103 with the phase of AC voltage
of the grid 30 and thus to reduce reactive power. In ad-
dition, the inverter 103 may have a function such as lim-
iting the range of voltage variation, improving a power
factor, removing a DC component, or providing protection
during transient phenomena. The operation of the invert-
er 103 may be stopped when the inverter 103 is not used
so as to reduce or minimize power consumption.
[0031] In charge mode, the rectifier 101 rectifies AC
voltage of the grid 30 as DC voltage so as to store elec-
tricity of the grid 30 in the battery unit 200. The rectifier
101 may include a semiconductor rectifier, an electron
tube rectifier, or a mechanical rectifier.
[0032] The DC link 107 is connected between the rec-
tifier 101 and the inverter 103 for maintaining DC link
voltage at a constant level. The level of the DC link voltage
may become unstable because of an event such as a
momentary voltage drop at the grid 30 or the occurrence
of a peak in the load 40. The DC link voltage is stabilized
to provide stable operation of the inverter 103 and the
battery unit 200. To this end, the DC link 107 is connected

among (e.g., between) the battery unit 200, the inverter
103, and the rectifier 101, and for example, the DC link
107 may include a high-capacitance capacitor.
[0033] The bypass unit 109 is connected between the
grid 30 and the load 40. The bypass unit 109 may form
a power supply path separate from a power supply path
formed by the UPS 100 between the grid 30 and the load
40. The bypass unit 109 may allow for transmission of
power from the grid 30 to the load 40 through the UPS
100 or direct transmission of power from the grid 30 to
the load 40. The bypass unit 109 may include a relay
switch. If the phase of power of the grid 30 is abnormal
or the grid 30 supplies power abnormally, the bypass unit
109 may interrupt the power transmission path between
the grid 30 and the load 40. If the power of the grid 30 is
normal, the bypass unit 109 may open the power trans-
mission path to allow for direct transmission of power
from the grid 30 to the load 40.
[0034] A measurement unit 111 may measure the
amount of power supplied to the load 40 according to
time periods. After a time period (e.g., a preset time pe-
riod), the measurement unit 111 may newly measure the
amount of accumulated power supplied to the load 40
during the next time period (e.g., the next preset time
period). For example, the measurement unit 111 may
measure the amount of power supplied to the load 40 for
each time period (e.g., each preset time period). For ex-
ample, if a time period (e.g., a preset time period) is 15
minutes, 24 hours may be divided by 15 minutes into 96
time periods, and the measurement unit 111 may meas-
ure an amount of accumulated power for each of the time
periods. Amounts of accumulated power measured for
respective ones of the time periods may be transmitted
from the measurement unit 111 to an overall control unit
105, and the measurement unit 111 may inform the over-
all control unit 105 if any one of the amounts of accumu-
lated power is greater than a threshold value (e.g., a pre-
set value). In addition, the measurement unit 111 may
measure power supplied from the grid 30 to the load 40
and power supplied from the UPS 100 to the load 40, or
may measure only power supplied from the grid 30 to the
load 40.
[0035] The overall control unit 105 may monitor states
of the grid 30, the battery unit 200, and the load 40, and
may control operations of the inverter 103, the rectifier
101, and the battery unit 200 according to results of the
monitoring, an algorithm (e.g., a preset algorithm), etc.
The overall control unit 105 may monitor the occurrence
of a power failure in the grid 30, the state of charge of
(SOC) the battery unit 200, the amount of power con-
sumption of (or amount of power consumed by) the load
40, time, etc. In addition, if insufficient power is supplied,
for example, due to a power failure in the grid 30, the
overall control unit 105 may determine the priorities of
power-consuming devices of the load 40 and may control
the load 40 to supply power according to the priorities of
the power-consuming devices.
[0036] In one embodiment, the UPS 100 may have an
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energy storing function. The overall control unit 105 may
determine the operation mode of the battery unit 200
based on the current time, the SOC of the battery unit
200, the price of electricity supplied from the grid 30 to
the load 40, or the amount of power consumed by the
load 40. During a time period in which the price of elec-
tricity supplied from the grid 30 to the load 40 is relatively
high or the power consumption of the load 40 is at its
peak, the overall control unit 105 may determine (or se-
lect or identify) a discharge mode as the operation mode
of the battery unit 200. On the other hand, during an over-
night (or midnight) period in which the price of electricity
supplied from the grid 30 to the load 40 is relatively low
or a time period in which the power consumption of the
load 40 is relatively low, the overall control unit 105 may
determine (or select or identify) a charge mode as the
operation mode of the battery unit 200. If the batteries
213 of the battery unit 200 are fully charged, the overall
control unit 105 may determine (or select or identify) a
discharge mode as the operation mode of the battery unit
200 so as to improve the efficiency of power consump-
tion. In addition, if the current time is close to a midnight
(or overnight) electricity time period, the overall control
unit 105 may determine a discharge mode as the oper-
ation mode of the battery unit 200.
[0037] The battery unit 200 may be charged by power
supplied from the grid 30 through the DC link 107 or may
supply power to the load 40 or the grid 30.
[0038] FIG. 3 is a block diagram illustrating the battery
unit 200 according to an example embodiment of the
present invention.
[0039] Referring to FIG. 3, the battery unit 200 may
include the plurality of battery racks 210 and the plurality
of DC-DC converters 230. The battery racks 210 may be
divided into a first group 221 and a second group 223.
The battery racks 210 of the first group 221 may be re-
ferred to as first battery racks 210a, and the battery racks
210 of the second group 223 may be referred as second
battery racks 210b. A DC-DC converter 230 connected
to the first battery racks 210a may be referred to as a
first DC-DC converter 230a, and a DC-DC converter 230
connected to the second battery racks 210b may be re-
ferred to as a second DC-DC converter 230b.
[0040] The battery racks 210 may include rack battery
management systems (BMSs) 211 and batteries 213.
The batteries 213 of the first battery racks 210a may be
referred to as first batteries 213a, and the batteries 213
of the second battery racks 210b may be referred to as
second batteries 213b. In some embodiments of the
present invention, each of the battery racks may include
one or more battery packs.
[0041] The rack BMSs 211 control charging and dis-
charging operations of the batteries 213 of the battery
racks 210. The rack BMSs 211 may monitor states of the
batteries 213 such as SOC, voltage, or current, and may
transmit data obtained by the monitoring to the overall
control unit 105. The overall control unit 105 may transmit
control signals to the rack BMSs 211 based on the data

received from the rack BMSs 211.
[0042] The batteries 213 may store electricity and may
include battery cells as substructures. The number of bat-
tery cells included in each of the batteries 213 may be
determined according to a required output voltage. Var-
ious secondary battery cells may be used as the battery
cells of the batteries 213. Examples of the battery cells
may include nickel-cadmium battery cells, lead battery
cells, nickel metal hydride (NiMH) battery cells, lithium-
ion battery cells, and lithium polymer battery cells.
[0043] The batteries 213 may include a plurality of bat-
tery trays. In addition, the battery racks 210 may include
a plurality of tray BMSs respectively controlling the bat-
tery trays. The tray BMSs may detect states such as volt-
ages, currents, or temperatures of battery cells of the
battery trays respectively corresponding to the tray BMSs
and may transmit detected data to the rack BMSs 211.
The rack BMSs 211 may analyze the data received from
the tray BMSs to determine the states of the batteries
213 such as SOC or state of health (SOH) and may trans-
mit determined data to the overall control unit 105.
[0044] The DC-DC converters 230 are connected be-
tween the DC link 107 and the batteries 213 of the battery
racks 210 for conversion between DC link voltage of the
DC link 107 and voltages of the batteries 213. In charge
mode, the DC-DC converters 230 may convert the DC
link voltage of the DC link 107 into charge voltage for
charging the batteries 213. In discharge mode, the DC-
DC converters 230 may convert the voltages of the bat-
teries 213 into voltages to be output to the DC link 107.
At this time, the levels of voltages output from the DC-
DC converters 230 may be higher than the level of the
DC link voltage of the DC link 107, thereby discharging
the batteries 213. If it is not necessary to charge or dis-
charge the battery unit 200, the DC-DC converters 230
may not be operated so as to reduce or minimize power
consumption.
[0045] The first battery racks 210a of the first group
221 may include some of the battery racks 210, and the
second battery racks 210b of the second group 223 may
include the rest battery racks 210. The number of the first
battery racks 210a and the number of the second battery
racks 210b may be equal.
[0046] The UPS 100 is a device for stably supplying
power to the load 40 when the grid 30 has errors or prob-
lems. For example, the overall control unit 105 may con-
trol the battery unit 200 of the UPS 100 so that the amount
of electricity stored in the battery unit 200 may be main-
tained to be equal to or higher than a certain value for
stably supplying electricity to the load 40 even when a
power outage occurs in the grid 30. Even when the bat-
tery unit of the UPS 100 supplies electricity to the load
40, the overall control unit 105 may control the battery
unit 200 so that the battery unit 200 may be discharged
only to a certain degree instead of being fully discharged.
For example, the overall control unit 105 may allow the
first batteries 213a of the first group 221 to be discharged
to a first reference value of SOC and the second batteries
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213b of the second group 223 to be discharged to a sec-
ond reference value of SOC, so as to maintain the amount
of electricity stored in the battery unit 200 at a certain
value or higher. In the following description, unless oth-
erwise mentioned, it is assumed that the first batteries
213a of the first group 221 are discharged to the first
reference value of SOC, and the second batteries 213b
of the second group 223 are discharged to the second
reference value of SOC.
[0047] When the batteries 213 are not in use, the
lifespan decrease rate of each of the batteries 213 varies
depending on the SOC of the battery 213. A range of
SOC in which the lifespan decrease rates of the batteries
213, which vary depending on the states of charge (SOC)
of the batteries 213, are higher than the average of the
lifespan decrease rates of the batteries 213 may be set
as a high degradation rate band (or an evasion charging
band). The high degradation rate band may vary accord-
ing to the types and properties of the batteries 213 of the
battery racks 210. For example, when the batteries 213
of the battery unit 200 are not in use after the batteries
213 are discharged to a certain value of SOC in prepa-
ration for a power outage, if the certain value of SOC is
in the high degradation rate band, the lifespans of the
batteries 213 may be negatively affected because the
lifespan decrease rates of the batteries 213 in the high
degradation rate band are relatively high. Therefore, the
first and second reference values may be set to be dif-
ferent for maintaining the first and second batteries 213a
and 213b of the first and second groups 221 and 223 at
different states of charge (SOC). This will now be de-
scribed in more detail below.
[0048] According to one embodiment of the present
invention, the first and second reference values may be
set to be outside the high degradation rate band. For
example, if the high degradation rate band is from 40%
to 60%, the first reference value may be set to be lower
than 40%, and the second reference value may be set
to be higher than 60%. In addition, the first and second
reference values may be set such that even after the first
and second batteries 213a and 213b of the first and sec-
ond groups 221 and 223 are discharged in discharge
mode, the amount of electricity stored in the battery unit
200 may be equal to or greater than a certain value in
preparation for a power outage. For example, if the cer-
tain value is 50% of the capacity of the battery unit 200,
the first reference value may be set to be 80%, and the
second reference value may be set to be 20%. In this
case, after the battery unit 200 is discharged in discharge
mode, the SOC of the first batteries 213a of the first group
221 may be 80%, and the SOC of the second batteries
213b of the second group 223 may be 20%. Thus, the
UPS 100 may have a certain amount of electricity in prep-
aration for a power outage.
[0049] In another embodiment of the present invention,
the overall control unit 105 may determine whether to
operate the battery unit 200 in discharge mode based on
the amount of accumulated power consumption of the

load 40 measured for each time period (e.g., each preset
time period) by the measurement unit 111. If the amount
of accumulated power consumption measured for each
time period (e.g., each preset time period) by the meas-
urement unit 111 is greater than a first reference elec-
tricity amount, the battery unit 200 is discharged. Then,
if the first batteries 213a of the first group 221 are dis-
charged to the first reference value of SOC, and the sec-
ond batteries 213b of the second group 223 are dis-
charged to the second reference value of SOC, the over-
all control unit 105 stops the discharging of the battery
unit 200. In this state, even though the amount of accu-
mulated power consumption of the load 40 in the next
time period (e.g., the next preset time period) exceeds
the first reference electricity amount, the battery unit 200
may not be operated in discharge mode. The reason for
this is to maintain the amount of electricity stored in the
UPS 100 at a certain value in preparation for a power
outage.
[0050] In another example embodiment of the present
invention, the overall control unit 105 may switch the first
and second reference values respectively set for the first
batteries 213a of the first group 221 and the second bat-
teries 213b of the second group 223. In discharge mode,
the overall control unit 105 may control the first batteries
213a of the first group 221 and the second batteries 213b
of the second group 223 such that the first batteries 213a
may be discharged to the second reference value of
SOC, and the second batteries 213b may be discharged
to the first reference value of SOC. The overall control
unit 105 may determine whether a switching condition
(e.g., a preset switching condition) is satisfied. If the over-
all control unit 105 determines that the switching condi-
tion (e.g., the preset switching condition) is satisfied, the
overall control unit 105 may perform the above-men-
tioned switching operation.
[0051] For example, it may be determined that the
switching condition (e.g., the preset switching condition)
is satisfied if the number of times the batteries 213 of the
battery unit 200 are discharged is equal to a threshold
number or the amount of accumulated discharge of the
batteries 213 of the battery unit 200 becomes equal to a
threshold value (e.g., a preset value). The number of
times (e.g., preset number of times) or the amount (e.g.,
the preset amount) of accumulated discharge may be set
to be multiples of N (where N is an integer) so as to con-
stantly perform the switching operation. The overall con-
trol unit 105 may determine whether the switching con-
dition (e.g., the preset switching condition) is satisfied by
determining whether one of the batteries 213 is charged
and discharged a number of times (e.g., a preset number
of times). The number of charge/discharge times may be
set to be multiples of 10. The numbers of times switching
to charge mode, discharge mode, and power outage
mode are equal to the number of charge/discharge times.
Therefore, each time when the number of times of mode
switching is 10, 20, 30, and so on, the switching condition
(e.g., the preset switching condition) is satisfied. The
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number of charge/discharge times may be counted by
counting the number of discharge times.
[0052] In another embodiment of the present invention,
the overall control unit 105 may determine whether the
switching condition (e.g., the preset switching condition)
is satisfied by determining whether the amount of accu-
mulated discharge of the first batteries 213a of the first
group 221 or the second batteries 213b of the second
group 223 reaches a threshold amount of discharge (e.g.,
a preset amount of discharge). For example, the thresh-
old amount of accumulated discharge may be set to be
a multiple of 350% such as 350%, 700%, 1050%, or the
like. If the first reference value is 30% and the second
reference value is 70%, the amount of discharge of the
first batteries 213a of the first group 221 is 70% when
the first batteries 213a are discharged to the first refer-
ence value after be fully charged, and the amount of dis-
charge of the second batteries 213b of the second group
223 is 30% when the second batteries 213b are dis-
charged to the second reference value after being fully
charged. In this case, if the number of times the first bat-
teries 213a of the first group 221 are fully charged and
then discharged to the first reference value is five, the
amount of accumulated discharge is 350%, and thus the
switching condition (e.g., the preset switching condition)
is satisfied.
[0053] FIG. 4 is a table illustrating the amount of accu-
mulated power consumption of the load 40 measured in
each time period by the measurement unit 111 according
to one embodiment of the present invention.
[0054] Referring to FIG. 4, a particular time range of a
day is divided into first to seventh periods (e.g., first, sec-
ond, third, fourth, fifth, sixth, and seventh periods) S1 to
S7 (e.g., S1, S2, S3, S4, S5, S6, and S7). The measure-
ment unit 111 may separately accumulate the amount of
power supplied from the grid 30 to the load 40 during
each of the first to seventh periods S1 to S7. The amount
of accumulated power consumption in each of the first
to seventh periods S1 to S7 refers to the amount of power
supplied from the grid 30 to the load 40 during each of
the first to seven periods S1 to S7. For example, the
amount of power consumption is separately accumulated
in each of the first to seven periods S1 to S7.
[0055] The amounts of accumulated power consump-
tion in the first to seven periods S1 to S7 are obtained
by repeatedly measuring the amount of accumulated
power consumed in each of the time periods (e.g., the
first to seven periods S1 to S7). The time periods (or
preset time periods) may be set by dividing 24 hours of
a day into N periods. In each period, the amount of ac-
cumulated power consumption is measured by the meas-
urement unit 111 by accumulating the amount of power
consumed by the load 40. For example, the time periods
(or preset time periods) may be determined based on a
particular time period which is set by an electricity pro-
vider to calculate basic charges in electricity bills. For
example, an electricity provider may accumulate the
amount of power consumption of the load 40 for each

15-minute period to calculate a basic electricity charge.
Thus, each of the time periods (or preset time periods)
may be set as a 15-minute period.
[0056] According to an example embodiment of the
present invention, the overall control unit 105 may limit
the amount of power that the load 40 receives from the
grid 30 in each of the time periods (e.g., the preset time
periods). The overall control unit 105 may determine
whether to supply electricity of the battery unit 200 to the
load 40 in each of the time periods (e.g., the preset time
periods). For example, if the amount of power consump-
tion of the load 40 in each period exceeds a first reference
electricity amount, the overall control unit 105 may oper-
ate the battery unit 200 in discharge mode so as to limit
the supply of power from the grid 30 to the load 40. The
measurement unit 111 monitors the amount of power
supplied from the grid 30 to the load 40 in each period,
and the overall control unit 105 receives information
about results of the monitoring. Then, the overall control
unit 105 checks whether the amount of power consump-
tion of the load 40 (e.g., the power consumption of the
load 40) exceeds the first reference electricity amount
based on the received information. If it is determined that
the amount of power consumption of the load 40 exceeds
the first reference electricity amount, the overall control
unit 105 operates the battery unit 200 in discharge mode.
Then, the load 40 receives power from the battery unit
200 instead of the grid 30 under the control of the overall
control unit 105. Owing to the supply of power from the
battery unit 200 to the load 40, the supply of power from
the grid 30 to the load 40 may be limited to an extent
(e.g., a predetermined extent). For example, if the first
reference electricity amount is set to be 120 kWh, be-
cause the amount of power consumption of the load 40
is less than 120 kWh in each of the first to third periods
S1 to S3 (e.g., first, second, and third periods S1, S2,
and S3), only the grid 30 supplies electricity to the load
40 in the first to third periods S1 to S3. However, the
amount of power consumption of the load 40 exceeds
120 kWh in each of the fourth to seventh periods S4 to
S7 (e.g., fourth, fifth, sixth, and seventh periods S4, S5,
S6, and S7). In the fourth period S4, because the amount
of accumulated power consumption of the load 40 is
greater than 120 kWh, the overall control unit 105 dis-
charges the battery unit 200 when the amount of accu-
mulated power consumption of the load 40 becomes
equal to or greater than 120 kWh so as to supply the
amount of electricity exceeding 120 kWh from the battery
unit 200 to the load 40. Thus, the amounts of electricity
supplied to the load 40 from the battery unit 200 may be
30 kWh in the fourth period S4, 60 kWh in the fifth period
S5, 100 kWh in the sixth period, and 30 kWh in the sev-
enth period S7. After the amount of power consumption
of the load 40 exceeds the first reference electricity
amount, the battery unit 200 may alone supply electricity
to the load 40, or both the battery unit 200 and the grid
30 may supply electricity to the load 40.
[0057] According to an example embodiment of the
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present invention, the overall control unit 105 may deter-
mine (or identify or select) the operation mode of the bat-
tery unit 200 in each of the first to seventh periods S1 to
S7. If the amount of power consumption of the load 40
exceeds the first reference electricity amount during a
given time period, the overall control unit 105 operates
the battery unit 200 in discharge mode, and after the time
period, the overall control unit 105 stops the operation of
the battery unit 200 in the discharge mode. For example,
the battery unit 200 may be operated in discharge mode
in the fourth period S4 to supply power to the load 40.
However, when the fifth period S5 starts after the fourth
period S4, the operation of the battery unit 200 in the
discharge mode is stopped. Thereafter, if the amount of
power consumption of the load 40 exceeds the first ref-
erence electricity amount in the fifth period S5, the overall
control unit 105 starts to operate the battery unit 200 in
discharge mode.
[0058] For example, an electricity provider supplying
power through the grid 30 may consider the amount of
power consumption of the load 40 during a particular time
period when calculating a basic electricity charge in an
electricity bill. Therefore, the amount of power consump-
tion can be limited in the particular time period so as to
reduce the basic electricity charge. For example, the
charge rate is relatively high for peak hours, and if the
amount of power consumption of the load 40 increases
during the peak hours, the basic charge may markedly
increase. Therefore, the amount of power consumption
of the load 40 accumulated during a particular time period
can be maintained at a level not significantly exceeding
a certain value. According to an example embodiment of
the present invention, if the amount of power consump-
tion of the load 40 exceeds a certain value, the overall
control unit 105 may operate the battery unit 200 to supply
electricity stored in the battery unit 200 to the load 40,
and thus the amount of power consumption of the load
40 accumulated for a particular time period may be ad-
justed to be within a certain range. In this case, users
may obtain economical benefits from the use of the UPS
100, and the UPS 100 may be used more efficiently.
[0059] According to an embodiment of the present in-
vention, even though the amount of power supplied from
the grid 30 to the load 40 exceeds the first reference
electricity amount in each period, the overall control unit
105 may not operate the battery unit 200 in discharge
mode. As described with reference to FIG. 3, the amounts
of discharge of the first and second groups 221 and 223
are limited. After the first batteries 213a of the first group
221 are discharged to the first reference value of SOC,
and the second batteries 213b of the second group 223
are discharged to the second reference value of SOC,
the first batteries 213a of the first group 221 and the sec-
ond batteries 213b of the second group 223 are not fur-
ther discharged. For example, if the amount of accumu-
lated power consumption of the load 40 exceeds the first
reference electricity amount in a given time period, the
overall control unit 105 may discharge the battery unit

200 to supply electricity to the load 40. In this case, how-
ever, if the batteries 213 of the battery unit 200 are dis-
charged to the first and second reference values of SOC,
the overall control unit 105 may not further discharge the
battery unit 200 even though the amount of accumulated
power consumption of the load 40 exceeds the first ref-
erence electricity amount in the given time period.
[0060] In another embodiment of the present invention,
if the amount of accumulated power consumption of the
load 40 exceeds a second reference electricity amount
in a given time period, the overall control unit 105 may
discharge the battery unit 200 without limit to the first and
second reference values of SOC described with refer-
ence to FIG. 3. In the following example, it is assumed
that the first reference electricity amount is 120 kWh, and
the second reference electricity amount is 200 kWh. If it
is determined that the amount of accumulated power con-
sumption of the load 40 exceeds the first reference elec-
tricity amount, the overall control unit 105 operates the
battery unit 200 in discharge mode. As described with
reference to FIG. 3, in discharge mode, the overall control
unit 105 may stop discharging of the battery unit 200 after
the first batteries 213a of the first group 221 are dis-
charged to the first reference value of SOC and the sec-
ond batteries 213b of the second group 223 are dis-
charged to the second reference value of SOC. For ex-
ample, in the fifth period S5, the overall control unit 105
may stop the operation of the battery unit 200 in discharge
mode after the first and second batteries 213a and 213b
of the first and second groups 221 and 223 are dis-
charged to the first and second reference values of SOC.
In the sixth period S6, even though the amount of accu-
mulated power consumption of the load 40 exceeds the
first reference electricity amount, the battery unit 200 may
not be discharged. Thereafter, if the amount of accumu-
lated power consumption of the load 40 exceeds 200
kWh, the overall control unit 105 may discharge the bat-
tery unit 200 without limiting discharging of the first and
second batteries 213a and 213b of the first and second
groups 221 and 223 to the first and second reference
values of SOC.
[0061] FIG. 5 is an graph illustrating the amounts of
accumulated discharge of the first and second batteries
213a and 213b of the first and second groups 221 and
223 with respect to the numbers of times the first and
second batteries 213a and 213b are discharged accord-
ing to one embodiment of the present invention.
[0062] Referring to FIG. 5, the horizontal axis denotes
the number of discharge times or the number of times
switched to discharge mode, and the vertical axis de-
notes the amounts of accumulated discharge of the first
and second batteries 213a and 213b of the first and sec-
ond groups 221 and 223. First points D1 denote the
amount of accumulated discharge of the first batteries
213a of the first group 221 with reference to the number
of discharge times, and second points D2 denote the
amount of accumulated discharge of the second batteries
213b of the second group 223 with respect to the number

13 14 



EP 3 148 042 A1

9

5

10

15

20

25

30

35

40

45

50

55

of discharge times.
[0063] The amounts of accumulated discharge are giv-
en in percent (%), and in the following description, it will
be assumed that the first and second batteries 213a and
213b of the first and second groups 221 and 223 are
discharged in discharge mode until the states of charge
thereof reach threshold values (e.g., preset values). In
addition, it is assumed that no power outage occurs and
the switching condition (e.g., the preset switching condi-
tion) described with respect to FIG. 3 is satisfied each
time when the number of discharge times becomes mul-
tiples of 5.
[0064] The amounts of accumulated discharge denot-
ed by the first and second points D1 and D2 are compared
while the number of discharge times is from 1 to 5. The
amount of accumulated discharge denoted by the first
points D1 increases by 80 for each discharge cycle, from
0 to 80, 160, 240, 320, and 400. The amount of accumu-
lated discharge denoted by the second points D2 increas-
es by 20 for each discharge cycle, from 0 to 20, 40, 60,
80, and 100. As the number of discharge times increases,
the amount of accumulated discharge of the first batteries
213a of the first group 221 increases much more than
the amount of accumulated discharge of the second bat-
teries 213b of the second group 223. The lifespan of bat-
teries decreases as the amount of accumulated dis-
charge of the batteries increases. Thus, the lifespan of
the first batteries 213a of the first group 221 may de-
crease more than the lifespan of the second batteries
213b of the second group 223 decreases. Therefore, the
difference between the lifespan of the first batteries 213a
of the first group 221 and the lifespan of the second bat-
teries 213b of the second group 223 may increase with
time, and thus the battery unit 200 may not be efficiently
managed. Therefore, as described with reference to FIG.
3, if the switching condition (e.g., the preset switching
condition) is satisfied, the first and second reference val-
ues respectively set for the first batteries 213a of the first
group 221 and the second batteries 213b of the second
group 223 may be switched with each other.
[0065] When the number of discharge times reaches
5, the switching condition (e.g., the preset switching con-
dition) is satisfied. Thereafter, the first batteries 213a of
the first group 221 are discharged to the second refer-
ence value of SOC - which in the present exemplary em-
bodiment is set to 20% - and the second batteries 213b
of the second group 223 are discharged to the first ref-
erence value of SOC - which in the present exemplary
embodiment is set to 80%. For example, while the
number of discharge times is from 6 to 10, the amount
of accumulated discharge of the first batteries 213a of
the first group 221 increases by 20 for each discharge
cycle, and the amount of accumulated discharge of the
second batteries 213b of the second group 223 increases
by 80 for each discharge cycle. Therefore, while the
number of discharge times is from 6 to 10, the first points
D1 are at 420, 440, 460, 480, and 500, and the second
points D2 are at 180, 260, 340, 420, and 500. When the

number of discharge times is 10, the amount of accumu-
lated discharge of the first batteries 213a of the first group
221 is equal to the amount of accumulated discharge of
the second batteries 213b of the second group 223, and
thus the first batteries 213a of the first group 221 and the
second batteries 213b of the second group 223 may have
similar lifespans.
[0066] It should be understood that example embodi-
ments of the present invention described herein should
be considered in a descriptive sense only and not for
purposes of limitation. Descriptions of features or aspects
within each exemplary embodiment should typically be
considered as available for other similar features or as-
pects in other exemplary embodiments.
[0067] While one or more exemplary embodiments
have been described with reference to the figures, it will
be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the scope as defined by the fol-
lowing claims.

Claims

1. An uninterruptible power supply (UPS) comprising:

a battery unit (200) configured to be connected
to an external grid (30) to receive electricity from
the grid (30) and configured to be connected to
an external load (40) to supply electricity to the
load (40), the battery unit (200) comprising a plu-
rality of battery racks (210) each battery rack
(210) comprising a rack battery management
system (BMS), the battery racks (210) being di-
vided into at least one first battery rack (210a)
comprising a first battery (213a) and at least one
second battery rack (210b) comprising a second
battery (213b);
an overall control unit (105) configured to deter-
mine an operation mode of the battery unit (200)
from among a discharge mode and a charge
mode, wherein, in the discharge mode, the over-
all control unit (105) is configured to control the
first and second battery racks (210a, 210b) such
that the first battery (213a) of the first battery
rack (210a) is discharged to a first reference val-
ue of state of charge (SOC) and the second bat-
tery (213b) of the second battery rack (210b) is
discharged to a second reference value of SOC;
and
a measurement unit (111) configured to monitor
an amount of accumulated power consumption
of the load (40) during each of a plurality of time
periods and transmitting data associated with
the monitoring to the overall control unit,(105)

wherein the overall control unit (105) is configured
to determine whether to operate the battery unit
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(200) in the discharge mode based on data gener-
ated by the measurement unit (111) in each of the
time periods, and
wherein the first reference value of SOC is lower
than a high degradation rate band and the second
reference value of SOC is higher than the high deg-
radation rate band.

2. The UPS (100) of claim 1, wherein the high degra-
dation rate band is defined so that the lifespan de-
crease rates of the batteries (213) having SOCs in
the high degradation rate band when the batteries
are not operated are greater than an average
lifespan decrease rate of the batteries (213).

3. The UPS of one of the preceding claims, wherein
the overall control unit (105) is configured to deter-
mine the discharge mode as the operation mode of
the battery unit (200), when the amount of accumu-
lated power consumption of the load (40) measured
by the measurement unit (111) becomes greater
than a first reference electricity amount in a given
time period.

4. The UPS of claim 3, wherein the overall control unit
(195) is configured to, after determining the opera-
tion mode of the battery unit to be the discharge
mode, stop operation of the battery unit (200) in the
discharge mode when the given time period ends,
or the first battery (213a) of the first battery rack
(210a) is discharged to the first reference value of
SOC and the second battery (213b) of the second
battery rack (210b) is discharged to the second ref-
erence value of SOC.

5. The UPS of claim 4, wherein the overall control unit
(105) is configured to, after the battery unit (200)
stops operation in the discharge mode, discharge
the first and second batteries (213a, 213b) of the first
and second battery racks (210a, 210b) when the
amount of accumulated power consumption of the
load (40) exceeds a second reference electricity
amount without limit to the first and second reference
values of SOC.

6. The UPS of one of the preceding claims, further com-
prising:

at least one first DC-DC converter (230a) con-
nected to the at least one first battery rack (210a)
and controlled by the overall control unit (105);
and
at least one second DC-DC converter (230b)
connected to the at least one second battery
rack (210b) and controlled by the overall control
unit (105).

7. The UPS of claim 6, wherein the overall control unit

(105) is configured to control the first and second
DC-DC converters 230a, 230b) so as to maintain
SOC of the battery racks (210a, 210b) to be outside
the high degradation rate band.

8. The UPS of one of the preceding claims, wherein
the overall control unit (105) is configured to control
the first and second battery racks (210a, 210b) in
the discharge mode such that the second battery
(213b) of the second battery rack (210b) is dis-
charged to the first reference value of SOC, and the
first battery (213a) of the first battery rack (210a) is
discharged to the second reference value of SOC
when a switching condition is satisfied.

9. The UPS of claim 8, wherein the switching condition
is satisfied when the numbers of discharge times of
the first and second battery racks (210a, 210b) reach
a threshold value.

10. The UPS of claim 8, wherein the switching condition
is satisfied when an amount of accumulated dis-
charge of the first or second battery rack (210a,
210b) reaches a threshold value.

11. The UPS of one of the preceding claims, wherein
the rack BMSs (211) are adapted to determine SOCs
of the battery racks (210a, 210b), and
the rack BMSs (211) are adapted to transmit the de-
termined SOCs of the battery racks (210a, 210b) to
the overall control unit (105).
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